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(57) ABSTRACT 

A system for shielding personnel and/or equipment from 
radiation particles. In one embodiment, a first substrate is 
connected to a first array or perpendicularly oriented metal - 
like fingers, and a second, electrically conducting substrate 
has an array of carbon nanostructure (CNS) fingers, coated 
with an electro-active polymer extending toward, but spaced 
apart from, the first substrate fingers. An electric current and 
electric charge discharge and dissipation system, connected 
to the second substrate, receives a current and/or voltage 
pulse initially generated when the first substrate receives inci- 
dent radiation. In another embodiment, an array of CNSs is 
immersed in a first layer of hydrogen-rich polymers and in a 
second layer of metal-like material. In another embodiment, 
a one- or two-dimensional assembly of fibers containing 
CNSs embedded in a metal -like matrix serves as a radiation- 
protective fabric or body covering. 

17 Claims, 2 Drawing Sheets 
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RADIATION SHIELDING SYSTEMS USING 
NANOTECHNOLOGY 

ORIGIN OF THE INVENTION 

5 

The invention described herein was made in the perfor- 
mance of work under a NASA contract and by an employee of 
the United States Government and is subject to the provisions 
of Public Law 96-517 (35 U.S.C. §202) and may be manu- 
factured and used by or for the Government for governmental 1 0 
purposes without the payment of any royalties thereon or 
therefore. 

FIELD OF THE INVENTION 

15 

This invention relates to use of a composite materials sys- 
tem, including carbon nano structures for shielding of radia- 
tion. 

BACKGROUND OF THE INVENTION 20 

Shielding of personnel and sensitive electronic equipment 
on a space vehicle from radiation damage becomes more 
important when the space vehicle moves beyond the Earth’s 
atmosphere for an extended time interval. Extant radiation 25 
can include gamma rays, X-rays, ultraviolet rays, neutrons, 
protons, pi mesons, energetic ions and electrons, among oth- 
ers, and several types of these radiation particles can be 
received simultaneously. Each type of particle has its own 
energy transfer characteristics and requires particular mate- 30 
rials and apparatus for radiation protection. Simultaneous 
receipt of several types of such radiation makes it difficult to 
protect the personnel and equipment without increasing the 
mass of the protective apparatus beyond reasonable bounds. 
Further, the dominant radiation types can change as the 
vehicle changes its location or orientation so that prompt 35 
changes in types of protection may also be necessary. 

What is needed is a system that receives two or more types 
of radiation (e.g., gamma rays, X-rays, ultraviolet rays, neu- 
trons, protons, pi mesons, energetic ions and/or electrons) and 
converts and dissipates a substantial portion of the radiation 40 
energy. Preferably, the system should be flexible so that, when 
different radiation particles A and B, having numerical frac- 
tions f A and fg (0<f 4 +f e ^ 1), are known to be present in the 
radiation, the material composition can be modified to 
approximately optimize a metric representing total energy or 45 
total fluence dissipated. 

SUMMARY OF THE INVENTION 

These needs are met by the invention, which provides, in 
one embodiment, a first array of metal-line fingers, having 50 
average height hi, average diameter dl and average areal 
density pi, extending substantially perpendicular to and con- 
nected to a first substrate. The first array faces a second array 
of carbon nanostructures (CNSs), having an average height 
h2, and average diameter d2 and an average areal density p2, 55 
oriented substantially parallel to the first array and spaced 
apart from the exposed ends of the metal-like fingers of the 
first array by an average distance d3 . The CNSs in the second 
array are coated with a selected electro -polymer, such as 
polyethylene (PE) or poly-pyrrole (PPy), and are electrically 6Q 
connected to an electrically conducting channel in a second 
substrate that is in turn connected to an electrical current and 
voltage pulse dissipation mechanism. Optionally, the first 
substrate and the channel are connected through a battery or 
voltage producing mechanism. A carbon nanostructure may 
be a collection of nanotubes (single wall or multi-wall), 65 
fibers, belts or similar structures containing primarily carbon 
arranged in an appropriate configuration. 
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In a second embodiment, an array of CNSs, having a 
selected average height and a selected areal density, is con- 
nected to an electrically conducting substrate and is 
immersed in a first layer of hydrogen-rich polymers and in a 
second metal-like layer. The substrate is connected to an 
electrical current and voltage pulse dissipation mechanism. 

In a third embodiment, a first array of parallel threads, each 
including a plurality of CNSs immersed in a metal-like com- 
pound, is attached to a substrate that is in turn connected to an 
electrical current and voltage pulse dissipation mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1, 2, 3 A and 3B schematically illustrate systems for 
shielding radiation and dissipating most or all of the associ- 
ated electrical charge or current or voltage pulse(s) associated 
with receipt of a radiation pulse. 

DESCRIPTION OF BEST MODE OF THE 
INVENTION 

FIG. 1 illustrates a first embodiment of a system 11 for 
radiation shielding according to the invention. A first array of 
metal-like fingers 12 is comiected to, and extends substan- 
tially perpendicular from, a first substrate 13. The fingers 12 
in the first array have average lengths hi, average diameters 
dl, and an average areal density of pi, with an associated 
average linear density proportional to Vpl. A second array of 
carbon nanostructures (CNSs) 14 extends from a second sub- 
strate 15 toward the first substrate 13 in a direction substan- 
tially parallel to the direction of extension of the fingers 12. 
The CNSs are coated with an electro -active polymer 16, such 
as polyethylene (PE) or poly -pyrrole (PPy) and are connected 
to an electrically conducting transport component 17 of the 
second substrate 15, which is connected at one or more loca- 
tions to an electrical current pulse/voltage pulse dissipation 
mechanism 18 . The CNSs 14 in the second array have average 
length h2, average diameter d2 and average areal density p2, 
with an associated average linear density proportional to \/p2. 
The exposed ends of the fingers 12 are spaced apart from the 
exposed ends of the CNSs, with a finger-CNS nearest-neigh- 
bor tip distance in a range h3=0. 1 -5 jam. A metal -like finger 12 
may contain one or more of the elements Ti, Mo, W, Os, Co, 
Rh, Ir, Ni, Cu, Ag, Au, Zn and Cd, most of which have an 
electrical conductivity parameter in a range from 0.11-0.61 
(micro -Ohms) -1 . 

A radiation field R arrives first at an exposed surface 13 E of 
the first substrate 13 and produces an associated first electri- 
cal field El within the metal-like fingers 12. This field El is 
intensified near the exposed tips of the fingers 12, and this 
intensified field El(int) generates an intensified second elec- 
trical field E2(int) near the adjacent exposed tips of the coated 
CNSs 14, which generates an associated electrical current J2 
in the CNSs 14 and the associated electro -polymer coating 
16. The current J2 is received by the second substrate trans- 
port component 17 and transported to the dissipation mecha- 
nism 18 located contiguous to the second substrate. 

Optionally, the CNSs 14 and/or electro-polymer coating 16 
can be maintained at a voltage and polarity, relative to a 
voltage in the metal-like fingers 12, to enhance or encourage 
flow of electrically charged particles, generated within the 
fingers, toward the CNSs and/or electro-polymer coating, by 
imposing a voltage bias (e.g., 5-500 V) through a voltage bias 
source 19 connected to the first substrate 13 and the second 
substrate transport component 17. For example, receipt of an 
energetic proton beam by middle or heavy weight atoms in 
the first substrate will more likely produce energetic free 
electrons in or adjacent to the metal fingers 12, and providing 
a positive voltage bias at or adjacent to the CNSs and/or at the 
electro -polymer material in the second array will more likely 
encourage the free electrons to move toward, and to deposit 
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part or all of their energy at, the second array, where this 
energy can be dissipated. The voltage bias source 19 may be 
replaced by a voltage difference module 20 that utilizes a 
resulting voltage difference between the first substrate 13 and 
the second substrate transport component 17 to perform use- 5 
ful work, for example, a meter or other instrument to estimate 
a current or voltage peak associated with arrival of the radia- 
tion R. 

FIG. 2 illustrates a second embodiment of a system 21 for 
radiation shielding according to the invention. An upper por- 10 
tion of each of an array of CNSs 22 is immersed in a high Z 
metal or metal-like layer 23 , such as W or Pb or Ti, and a lower 
portion of each of the CNSs is immersed in a hydrogen-rich, 
monomer or polymer (HRP), such as polyimide (R(CO)NR' 
(CO)R M ), methylene, ethylene, poly -methylmethacrylate 15 
(PMMA) or a similar carbon-based compound. Preferably, 
the CNSs 22 have lengths h4«200-800 nm and diameters 
d4«10-20 nm; the HRP layer 24 has a thickness h6~l -30 pm, 
and the metal -like layer 23 has a thickness in a range of 
1-30 pm; and the longitudinal axes of the CNSs 22 are sub- 
stantially parallel. The CNSs 22, are attached to a substrate 
25, having an electrically conducting transport channel 26 
that is connected to a charge/current/voltage pulse dissipation 
mechanism 27. The system 21 includes a plurality of the triple 
of structures, 22, 23 and 24, and the substrate components, 25 
and 26. 25 

Depending upon the anticipated signum of the net electric 
charges on particles that are part of an incident radiation field 
R, the dissipation mechanism 18 or 27 in FIG. 1 or FIG. 2, can 
be maintained at a positive voltage or at a negative voltage 
relative to the quiescent voltage(s) of the CNSs and metal-like 30 
structures 22 and 23, in order to promote capture of these 
electrically charged particles at the dissipation mechanism, 

18 or 27. 

A radiation field R, moving toward the system, 11 or 21, 
may include charged particles and ions, high energy electro- 
magnetic rays and/or high energy neutrons. Part or all of the 35 
particle energy is converted to electric current pulses and/or 
voltage pulses by one or more of these structures, and this 
converted energy is dissipated by the dissipation mechanism, 

18 or 27. 

A CNS, such as a carbon nanotube (CNT) has an associated 40 
thermal conductivity as high as 3000 Watts/cm 2 , which com- 
pares favorably with the maximum thermal conductivity for 
diamond (about 3400 Watts/cm 2 , in a transverse direction), 
with correspondingly high values for electrical conductivity. 

A limiting factor for dissipation of electrical charge, electrical 45 
current pulses and/or voltage pulses is likely to be the product 
of electrical conductivity and cross sectional area for the 
transport channel and/or the maximum dissipation rate for the 
dissipation mechanism, 18 or 27 in FIG. 1 or 2. 

FIG. 3 A illustrates a fabric, body covering or other layered 
or laminated body protection system that can be used to 50 
greatly reduce the effects of radiation incident on a person. An 
assembly 31 A of extruded fibers 33A-nl (nl=l, . . . , Nl; 
Nli^3) is provided, extending primarily in one direction and 
containing (1 ) CNSs of length 200- 1 000 nm or longer and (2) 
metal filler material surrounding the CNSs. The extruded 55 
fibers are arranged in a sheet-like structure and are closely 
spaced, having diameters of Dl« 100-500 nm, and having 
lengths Ll«10- 100 cm, or higher if desired. One end (or both 
ends) of each of the fibers 33 A-nl is connected to an electrical 
current/voltage pulse dissipation mechanism 35A. When 6Q 
radiation R is incident upon, and is received by, the assembly 
31 A, an electrical current pulse and/or voltage pulse is gen- 
erated in the fibers 33-nl and is received and dissipated by the 
dissipation mechanism 3 5 A. Preferably, the fibers 33 A-nl are 
contiguous, or nearly contiguous, so that little or no incident 
radiation “leaks through” between adjacent fibers, and most 65 
of the incident radiation pulse is received and dissipated by 
the assembly 31 A. 
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FIG. 3B illustrates a two dimensional fabric, body covering 
or other layered or laminated body protection system that can 
be used to greatly reduce the effects of radiation incident on a 
person. An assembly 3 IB of a first set of extruded fibers 
33B-n2 (n2=l, . . . , N2; N2^3) in a first direction is inter- 
woven with a second set of extruded fibers 33B-n3 
(n3=l, . . . , N3; N3^3), extending primarily in a second 
direction that is transverse to the first direction, to form a 
sheet-like structure. Each of the first and second sets of fibers 
contains (1) CNSs of length 200-1000 nm or longer and (2) 
metal filler material, the extruded fibers being closely spaced, 
having diameters of D2« 100-500 nm, and having lengths 
L2«l 0- 1 00 cm, or higher if desired. One end (or both ends) of 
each of the fibers 33B-n2 is connected to a first electrical 
current/voltage pulse dissipation mechanism 35B. One end 
(or both ends) of each of the fibers 34B-n3 is connected to a 
second electrical current/voltage pulse dissipation mecha- 
nism 36B, which may be coincident with or separate from the 
first dissipation mechanism 35B. In either of the configura- 
tions shown in FIGS. 3 A and 3B, one or more of the sets of 
fibers, 33 A-nl or 33B-n2 or 33B-n3, may cross another fiber 
in the same set, as illustrated in FIG. 3B. When radiation R is 
incident upon, and is received by, the assembly 3 IB, an elec- 
trical current pulse and/or voltage pulse is generated in the 
fibers 33B-n2 and/or in the fibers 33B-n3 and is received and 
dissipated by the first dissipation mechanism 35B and/or by 
the second dissipation mechanism 36B. Preferably, the fibers 
33B-n2 are contiguous, or nearly contiguous, and the fibers 
33B-n3 are contiguous, or nearly contiguous. Preferably, at 
least one fiber 33B-n2 in the first set is connected to at least 
one fiber 34B-n3 in the second set, in order to equalize an 
electrical load generated when one or the other of these fibers 
receives an incident radiation pulse. 

The invention can be used in space operations to shield 
instruments and components that are especially sensitive to 
gamma rays, X-rays, ultraviolet rays, neutrons, protons, pi 
mesons, and high energy ions and electrons, that a space 
vehicle may encounter, where most of the energy and particle 
flux is attenuated by passage of these particles through the 
atmosphere to reach the Earth’s surface. Two or more layers 
of the invention may be used to provide multi-layer protection 
against very high energy particles, such as cosmic rays in 
space. 

What is claimed is: 

1. A system for shielding from radiation particles, the sys- 
tem comprising: 

a first substrate, having an array of metal-like fingers con- 
nected to a first substrate first surface at a first end of each 
finger, with each finger being oriented substantially per- 
pendicular to the first surface of the first substrate, where 
the fingers have an average length hi in a range of 
100-1000 nm, an average diameter dl in a range of 10-50 
nm and an average areal density pi in a range of 0.05-0.5 
gm/cm 2 ; 

a second electrically conducting substrate, spaced apart 
from the first substrate and having an array of carbon 
nanostructures (“CNSs”) connected to a first surface of 
the second substrate, with each CNS being oriented 
substantially perpendicular to the first surface of the 
second substrate and extending toward the array of 
metal-like fingers, where the CNSs have an average 
length h2 in a range of 50-100 nm, an average diameter 
d2 in a range of 10-50 nm and an average areal density 
p2 in a range of 0.05-0.5 gm/cm 2 , where at least one 
CNS is coated with a selected electro-polymer having an 
average coating thickness thl in a range of 1 00- 1 000 nm, 
where an exposed end of a selected CNS and an exposed 
end of a finger that is a nearest neighbor to the selected 
CNS have an average spacing of h3 in a range of 50- 1 000 
nm; and 
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an electric current/ voltage pulse discharge and dissipation whereby at least one radiation particle, incident on the 
system, connected to the second substrate at one or more substrate, generates at least one of an electric current 

second substrate locations, to receive and dissipate at pulse and a voltage pulse that is received by the metal- 

least one of an electric current or voltage pulse received like layer, is received by the hydrogen-rich layer, is 

from the second substrate, 5 received by the CNS and received by the substrate, and 

whereby at least one radiation particle, received at the first is dissipated by the discharge and dissipation system, 

substrate, generates at least one of an electric current 9. The system of claim 8, wherein at least one of said 

pulse and a voltage pulse that is received by the fingers, metal-like fingers contains at least one metal drawn from a 

received by the CNS and electro -polymer coating, group of metals consisting of Ti, Mo, W, Os, Co, Rh, Ir, Ni, 

received by the second substrate, and dissipated by the Cu, Ag, Au, Zn and Cd. 

discharge and dissipation system. 10 10. The system of claim 8, wherein said hydrogen-rich 

2. The system of claim 1, wherein a first portion of said monomer or polymer compound includes at least one of poly- 

second substrate comprises an electrical signal transport imide (R(CO)NR'(CO)R M ), methylene, ethylene, poly-meth- 

channel, having an electrical conductivity at least twice as ylmethacrylate (PMMA). 

large as electrical conductivity of a second portion of said 11. The system of claim 8, applied to shield at least one 

second substrate, wherein the charge transport channel is 15 instrument or component in a space vehicle that is exposed to 
connected to said discharge and dissipation mechanism. at least one incident particle, drawn from a collection of 

3. The system of claim 2, further comprising a voltage bias particles consisting of gamma rays, X-rays, ultraviolet rays, 

source, connected between said first and second substrates, to neutrons, protons, pi mesons, and high energy ions and elec- 

impress a selected voltage difference between said electrical trons, before the incident particle has passed through at least 

signal transport channel and said first substrate. 2Q a portion of the Earth’s atmosphere. 

4. The system of claim 1, further comprising a voltage 12. A system for shielding from radiation particles, the 

utilization mechanism, connected between said first and sec- system comprising: 

ond substrates, that performs useful work when a magnitude a plurality of electrically conducting fibers oriented sub- 

of voltage difference between said second substrate and said stantially in a first direction, each fiber comprising at 

first substrate is at least equal to a threshold value. least first and second carbon nanostructures (“CNSs”), 

5. The system of claim 1, wherein at least one of said 25 oriented generally in the first direction and being envel- 

metal-like fingers contains at least one metal drawn from a oped in a matrix of metal -like material, each fiber being 

group of metals consisting of Ti, Mo, W, Os, Co, Rh, Ir, Ni, substantially contiguous to at least one other fiber in the 

Cu, Ag, Au, Zn and Cd. plurality; and 

6. The system of claim 1, wherein said electro -active poly- an electric current/voltage pulse dischaige and dissipation 

mer coating includes at least one of polyethylene and poly- 30 system, connected to at least one end of each of the 
pyrrole. fibers, to receive and dissipate at least one of an electric 

7. The system of claim 1, applied to shield at least one current pulse and a voltage pulse received from the fiber, 

instrument or component in a space vehicle that is exposed to 13 . The system of claim 12, wherein said metal-like matrix 

at least one incident particle, drawn from a collection of material contains at least one metal drawn from a group of 

particles consisting of gamma rays, X-rays, ultraviolet rays, metals consisting of Ti, Mo, W, Os, Co, Rh, Ir, Ni, Cu, Ag, Au, 

neutrons, protons, pi mesons, and high energy ions and elec- 35 Zn and Cd. 

trons, before the incident particle has passed through at least 14. The system of claim 12, further comprising: 

a portion of the Earth’ s atmosphere. a second plurality of electrically conducting fibers oriented 

8 . A system for shielding from radiation particles, the sys- substantially in a second direction that is transverse to 

tern comprising: said first direction, each fiber in the second plurality 

a substrate, having an array of carbon nanostructures 40 comprising at least third and fourth carbon nanostruc- 

(“CNSs”) connected to a first surface of the substrate, tures (“CNSs”), oriented generally in the second direc- 

with each CNS being oriented substantially perpendicu- tion and being enveloped in a second matrix of metal - 

lar to the first surface of the substrate, where the CNSs like material, each fiber in the second plurality being 

have an average length hi in a range of 1 00- 1 000 nm, an substantially contiguous to at least one other fiber in the 

average diameter dl in a range of 10-50 nm and an 45 second plurality; and 

average areal density pi in a range of 0.05-0.5 gm/cm 2 , a second electric current/voltage pulse discharge and dis- 

the substrate having a charge transport channel, having sipation system, connected to at least one end of each of 

an electrical conductivity at least twice as large as elec- the fibers in the second plurality, to receive and dissipate 

trical conductivity of a second portion of said substrate, at least one of an electric current pulse and a voltage 

configured to transport one or more pulses of electrical pulse received from the fiber in the second plurality, 

current or voltage from the substrate to a region adjacent 50 15. The system of claim 14, wherein said second metal-like 

to the substrate; matrix material contains at least one metal drawn from a 

a first layer, covering the first surface of the substrate and group of metals consisting of Ti, Mo, W, Os, Co, Rh, Ir, Ni, 

enclosing a lower portion of the CNSs, comprising a Cu, Ag, Au, Zn and Cd. 

hydrogen-rich, electro-active monomer or polymer and 16. The system of claim 12, wherein at least one of said at 

having a thickness thl in a range 1 -30 pm; 55 least first and second fibers in said first plurality is electrically 

a second layer, covering an exposed surface of the first connected to at least one of said at least third and fourth fibers 

layer and a remaining portion of the CNSs so that the in said second plurality. 

first layer lies between and is contiguous to the substrate 17. The system of claim 12, applied to shield at least one 

and the second layer, the second layer comprising a instrument or component in a space vehicle that is exposed to 

metal-like compound and having a thickness th2 in a 6Q at least one incident particle, drawn from a collection of 
range 1-30 pm; particles consisting of gamma rays, X-rays, ultraviolet rays, 

an electric current/ voltage pulse discharge and dissipation neutrons, protons, pi mesons, and high energy ions and elec- 

system, connected to the charge transport channel, to trons, before the incident particle has passed through at least 

receive and dissipate at least one of an electric current a portion of the Earth’s atmosphere, 

pulse or a voltage pulse received from the transport 

channel, * * * * * 



